COAL DISTRIBUTION, QUALITY, from outcrops are summarized for each 7.5' quad-
AND RESOURCES IN THE rangle in appendix 3. In general, coal beds in the

Kaiparowits Plateau have been reported to split and
CALICO AND A-SEQUENCES

pinch out rapidly on outcrop and are difficult to trace
The Calico and A-sequences (figs. 5, 6) contagcause they are commonly burned an(_j covered by
coal in the Henderson coal zone, the lower coal zofP€ Wash and talus. Coals are extensively burned,
and the Christensen, Rees, and Alvey coal zones. Ppd are still burr_ung, in parts of the East Of Navajo,
Henderson and lower coal zones are in the Calit¢§edle Eye Point, Smoky Hollow, and Sit Down
sequence, and the Christensen, Rees, and Alvey &gfich quadrangles (fig. 2). Baked rocks in these
zones are in the A-sequence (fig. 5). We descriBgas may extend more than 200-300 feet into the
these coals in sequence stratigraphic context becagy@surface (Peterson and Horton, 1966; Peterson,
unlike formational contacts of the John Henry Mend-967). The Henderson zone is 5-50 feet thick on
ber, the Calico and Drip Tank sequence boundarftcrop and contains as much as 29 feet of coal on

provide excellent marker horizons that can be tracét¢ northwestern flank of the plateau in the Pine Lake

on geophysical logs throughout the plateau. quadrangle (fig. 2). Coals in the Henderson zone
thin to the south and pinch out completely on the
Coal distribution southwestern flank of the plateau in the Horse Flat

I-beari in th i q guadrangle (fig. 2). The lower zone is exposed only
Coal-bearing strata in the Calico and A-S&, he southern flank of the plateau, where it is as

quephcesdeggenqlasfmuch ast ?0 m'I?S from r:ro]rtf;gmch as 40 feet thick and contains as many as four
south an miles from east 1o west across In€ Riayq of coal that are 1-7 feet thick. The lower zone

teau. Outcrop investigations reveal that coal is with¢§ split by the A-sandstone and the upper split is ex-
distinct zones along the peripheral areas of the p sed in the East of Navajo and Needle Eye Point

teau. On the eastern flank of the plateau, the AL , .
bearing interval is 500-700 feet thick. Coals are | adrangles (fig. 2). Outcrops of the Christensen

the lower coal zone, and the Christensen, Rees, ér?c?e are 70-130 feet thick and contain as many as

Alvey coal zones that intertongue with, and pinc%IX beds of coal that are 1-30 feet thick. The Rees

out eastward into, thick deposits of shoreface strgt%nne IS 70-2vO?]fEegth|cfk n olt{[Lcrtoprs a;_dzgcicntail?si alf
in the A-sequence (fig. 5). The coal-bearing interv%]: y as seven beds of coal that are eet thick.

thins to less than 50 feet on the plateau’s west Ktcrops of the AIv_ey zone are 40-160 feet thick and
flank where the only coals are within the Henders ve as many as eight beds of coal that are 1- 20 feet

zone (fig. 5) in the Calico sequence. SouthwestwafiCk- These collective coal zones contain as much
thinning of coal-bearing strata is seen in outcrops 8f /0 féet of net coal in outcrops located in the Sit
the plateau’s southern flank. The full extent of tHaoWn Bench and Smoky Hollow quadrangles (fig.
coal-bearing interval is revealed only by drill-hol@); the coal beds thin to the west and less than 3 feet
data collected from the plateau’s interior region whep coal remains in the Nipple Butte quadrangle (fig. 2).
the net coal accumulation is greatest. These d
show that the distinct coal zones located along t
peripheral areas of the plateau tend to merge and loseA broad three-dimensional view of coal distri-
their identity in the subsurface of the plateau’s intgytion throughout the subsurface of the Kaiparowits
rior. The following paragraphs provide a summany|ateau is demonstrated in three correlation diagrams
of coal distribution based on outcrop investigationg,own on plate 1 (figs. C, D, and E) and a net coal
and a detailed analysis of their distribution in thi%opach map shown in figure 11. The geographic
subsurface. distribution of net coal in the Calico and A-sequences
(fig. 11) is based on coal measurements from 158
drill holes and 45 measured sections listed in appen-
Outcrop investigations cited in figure 2 providéix 1. Cross sections A-A" and B-B' are oriented
maps and measurements for coal beds within sgerpendicular to paleoshorelines; A-A' extends 25
eral distinct coal zones located along the peripherailes northeast from Tibbet Canyon to Left Hand
margins of the plateau. Published coal thickness d@allet Canyon (fig. B on pl. 1). Cross section B-B'

??al distribution in the subsurface

Coal distribution in outcrops
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extends 11 miles northeast from the plateau’s intet feet thick (Hettinger, 1995); clastic strata in the
rior region to Alvey Wash (fig. B on pl. 1). Cros®-sequence are dominantly tidal and coastal plain
section C-C' is oriented nearly parallel tm origin and include some shoreface deposits.
paleoshorelines; it is located 9-12 miles southwest Areas where net coal accumulations exceed 100
of the Straight Cliffs escarpment and extends a dfgeet are located approximately 8-15 miles southwest
tance of 19 miles (fig. B on pl. 1). Stratigraphic coref the Straight Cliffs escarpment (fig. 11) and are
trol for the cross sections is provided by measurgiwed along depositional strike in cross section C-
sections at Alvey Wash (map number 177), Left Ha@l. As much as 160 feet of net coal is contained in a
Collet Canyon (map number 196), and Tibbet CaB00-600 foot thick interval and coal beds are as much
yon (map number 211) and by core collected froas 59 feet thick. Net coal accumulations of 150-160
CT-1-91 and SMP-1-91 (map numbers 5 and 6, ifeet have been drilled at map localities 8, 9, 12, 13,
spectively); map numbers are shown on plate 1 (fit01, and 108 (fig. A on pl. 1), which are located about
A). The measured section at Alvey Wash was pubd-12 miles southwest of the escarpment. Core SMP-
lished by Zeller (1973d), measured sections at LAH91 shows that these areas contain thick coal beds
Hand Collet Canyon were published by Petersamboth the Calico and A-sequences; clastic strata are
(1969a) and Shanley (1991), and the measured seostly tidal and fluvial in origin, although some
tion at Tibbet Canyon was published by Shanlehoreface deposits remain in the Calico sequence
(1991). Cores CT-1-91 and SMP-1-91 are describ@dettinger, 1995). Coal beds in areas of maximum
in Hettinger (1995). accumulation are concentrated in pods that extend
The net coal isopach map (fig. 11) and cross séaterally for about 1-3 miles. The pods eventually
tions (figs. C, D, E on pl. 1) demonstrate that variaplit into distinct coal zones that can be traced for
tions in net coal accumulation in the Calico anskveral miles. Examples of pods are seen at locality
A-sequences are related to the distance from the (B-B', C-C') between the depths of 1,595 and
paleoshorelines that the original peat accumulatdd670 feet and at locality 22 (B-B') between the
Along the Straight Cliffs escarpment, highstand ddepths of 1,315 and 1,472 feet. Within the areas of
posits of both sequences are dominated by shorefagerall thick coal accumulation, several localities
sandstone and mudrock and contain only minor bdasve a relative paucity of coal; as little as 70 feet of
of coal. As viewed along depositional dip in crosset coal was drilled at localities 15, 87, 94, and 152
sections A-A' and B-B', thick coals are located inffig. A on pl. 1). Geophysical logs from these locali-
mediately landward (southwest) of the shorefaties show a marked increase in sandstone as com-
sandstone pinch-outs. Shoreface sandstones ingheed to nearby areas, and coal correlations are
Calico sequence extend about 15 miles southwest itgatative. Although not proven, these areas may
the plateau’s interior region, and thick beds of coeépresent localities of northeast-flowing
are not found in the Calico sequence along the egsteofluvial systems.
ern part of the plateau. In contrast, aggradational The net coal isopach map (fig. 11) and cross sec-
stacks of shoreface sandstone in the A-sequemiod A-A' (fig. C on pl. 1) show that net coal accu-
pinch out within 1-7 miles of the escarpment. Meanulations and coal bed thicknesses decrease
sured sections in Alvey Wash (Zeller, 1973d) and Lefbuthwest of the areas of maximum accumulation.
Hand Collet Canyon (Shanley, 1991) show th& measured section described in Tibbet Canyon, lo-
within 2.5 miles of the escarpment the A-sequencated 22 miles southwest of the Straight Cliffs es-
contains about 30 feet of net coal in the Christensearpment, shows that the A-sequence contains about
Rees, and Alvey coal zones. The coal zones are séffafeet of net coal in beds that are all less than 3 feet
rated by thick clastic wedges consisting of shorefattéck, and only a few minor beds of coal remain in
sandstone. These clastic wedges thin and chatige Calico sequence (Shanley, 1991). The measured
facies to the southwest; their thinning is accompsection also reveals that clastic deposits of both se-
nied by an increase in net coal. Eventually, the ceplences are predominantly alluvial and, to a lesser
zones merge and their boundaries become indistirdegree, tidally influenced in origin (Shanley, 1991).
A drill-hole core collected 5 miles from the escargstill further southwest at Rock House Cove (fig. B
ment at CT-1-91 reveals that the A-sequence cam pl. 1), both highstand deposits are entirely allu-
tains 61 feet of net coal in beds that are as muchvé in origin and contain no coal (Shanley, 1991).
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Figure 11. -- Isopach map of net coal in the Calico and A-sequences. Net coal values represent all coal beds that are more
than 1 foot thick and are determined from 209 data points listed in appendix 1; data points are identified on figure A of plate 1.
Isolines over areas where coal-bearing strata are eroded (gray stipple) represent restored values.
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The profile of net coal distribution in the Calico Ranges in values for proximate and ultimate
and A-sequences is shown by two graphs (fig. 12nalyses, as well as moist, mineral-matter-free BTU/
Graph A-A' (fig. 12) is constructed along deposiib and apparent rank, are reported in table 4 for coal
tional dip using the same drill-hole data shown itollected from cores. We have also determined arith-
cross section A-A’ (fig. C on pl. 1), and graph C-@hetic means from proximate and ultimate analyses
(fig. 12B) is constructed along depositional strikeeported in Doelling and Graham (1972, p. 123-127)
using the same drill-hole data shown in cross sdor samples collected from mines and outcrops.
tion C-C' (fig. E on pl. 1). The vertical axis in eaclArithmetic means and apparent ranks calculated from
graph shows the net coal accumulation recordedtlase average values are reported in table 5; the range
drill holes along the line of section, and the horizowf proximate and ultimate values is summarized in
tal axis records the distance between drill holes. Batppendix 3. Apparent ranks determined from
graphs also show net coal accumulations within bedmples collected from cores range from subbitumi-
thickness categories of 1-3.4, 3.5-14.0, and greateus B to high-volatile A bituminous coal (table 4).
than 14.0 feet; bed thicknesses are based on data pte apparent rank of samples collected from out-
vided in appendix 1. Graph A-A' shows that co&kops and mines (as determined from average values
distribution, as viewed along depositional strikeaf proximate and ultimate analyses) ranges from sub-
takes on the shape of a bell curve, in which thin cdatuminous B to high-volatile C bituminous coal
beds and net coal accumulations of less than 20 f@able 5).
are located along the flanks of the curve and thick
coal beds and maximum coal accumulations of &9al Resources

guéh ﬁs 15?hfe:at IO (r:]cugy the_gegtelr E[)rflihe crurve. f?;‘?ih The Kaiparowits Plateau contains an estimated
~~ shows thatalong deposttional strike, areas ottiGr i 5| coal resource of 62.3 billion short tons (table

coal ac_cumulation t"’}k? on the shape_ ofa more Sinu% gvithin the Calico and A-sequences. That original
curve, in that three distinct areas having thick coal be al resource includes all coal beds that are greater

and net coal accumulations of 120-160 feet are se&agn 1 foot thick, as deep as 8500 feet, and within

rated by two areas where net coal accumulations Afss0 square mile area where the entire coal-bear-
only 60-70 feet and thick beds are absent. ing interval is preserved (fig. 11). Coal tonnages are
Coal quality calculated using the methodology of Wood and oth-
ers (1983) and are determined by multiplying the

Coals in the Kaiparowits Plateau are reported to bstimated volume of coal by its average density. The
subbituminous C to high-volatile bituminous A in rankolume of coal in the Calico and A-sequences is a
(Doelling and Graham, 1972, p. 93). Proximate apdoduct of its net thickness and its areal extent as
ultimate analyses are provided from about 100 cadlown in figure 11. The average density of bitumi-
samples collected from abandoned mines and outcrapsis coal is 1,800 short tons per acre-foot (Wood
located throughout the plateau (Doelling and Grahand others, 1983, p. 22). An average bituminous rank
(1972, p. 123-127). Analyses of coal from core DH4i% assumed for coal in the Calico and A-sequences,
are also provided by Doelling and Graham (1972, lmased on analyses from mines and cores summarized
126) (information by Bowers (1973c) indicates that DHiA tables 4 and 5 and appendix 3. The original re-
lislocated 150 feet northwest of map number 151 (fgpurce area shown in figure 11 contains most areas
Aonpl.1)inT.35S., R. 2W.). Additional quality datavhere State and Federal coal leases and Federal coal
are reported for coals collected from three cores (K{irospect permits were issued prior to 1972, as shown
DR, CT-1-91, and SMP-1-91) drilled by the U.S. Gedn Doelling and Graham (1972, p. 100-101). Doelling
logical Survey; the cores are collected from localitiesd Graham (1972, p. 106) reported that underground
4,5, and 6 , respectively (fig. A on pl. 1). Proximataining is the most likely method for extracting coal
and ultimate analyses of samples collected from Kif-the plateau, and although all localities within the
DR are reported by Zeller (1979) and Affolter and Hatebported resource area would have to be mined by
(1980); analyses of samples collected from CT-1-91 amaderground methods, much of the coal is too deep or
SMP-1-91 are provided by Brenda Pierce (U.S. Gedoo thin to be economically mined in the foreseeable
logical Survey, unpub. data, 1996). future.
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Figure 12. -- Coal distribution in the Calico and A-sequences. A, shows coal distribution along A-A', which trends perpendicular to the
paleoshorelines. B, shows coal distribution along C-C', which trends parallel to the paleoshorelines. Horizontal axes show distance
between drill holes; vertical axes show the cumulative coal thicknesses for beds that range from 1-3.4, 3.5-14.0, and greater than 14 feet
thick. C, shows the locations of A-A" and C-C'; stratigraphic correlations are shown in figures C and E of plate 1. Drill hole locations are
shown on figure A of plate 1; coal bed thicknesses are listed in appendix 1.
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Table 4. Coal quality summary for samples collected from cores of the Calico and A-sequences in
the Kaiparowits Plateau, Utah. Coal zone queried where uncertain. Apparent rank calculated using
the Parr formula (American Society for Testing and Materials, 1995).

Moist-,
Coal zone | Moisture Volatile Fixed Carbon Ash Sulfur Heating value Mineral- Apparent Rank
% Matter % % % % Btu/lb Matter-Free
Heating value
Btu/lb

Coals sampled from core K-DR-1 (map no. 4, figure A on plate 1)

Alvey 19.7-20.4 34.7-35.1 37.0-37.7 7.2-8.2 1.0 9,440-9,510 10,240-10{440 Subbituminous
(2 samples) B

Rees 15.6-18.4 29.6-35.0 29.9-36.3 10.3-24.9 0.6-p.7 7,640-9,280 10,450-10,460 Subbituminous
(3 samples) B
Christensen| 19.7-21.1 33.3-34.7 39.8-40.9 4.4-5.8 0.5{0.6 9,830-9,860 10,320-10,520 Subbituminous
(3 samples Aand B

Coals sampled from core SMP-1-91 (map no. 6, figure A on plate 1)

Rees ? 8.2-9.7 41.7-43.9 41.8-44.7 2.7-812 0.4-p.7 11,488-12[381  12,390-12,760 High volatile C
(6 samples) Bituminous
Rees 0.7-7.8 27.9-50.7 24.9-45.4 4.3-42.5 0.5-2.3 6,962-12,387 12,700-18,710 High volatile B
(17 samples and C
Bituminous
Christensen 5.5-7.9 35.3-44.5 34.6-48.0 2.3-24.7 0.341.0 9,464-12/477 12,360-13,590 High volatile B
(13 samples and C
Bituminous
lower (15 45-7.1 35.4-46.5 32.1-45.5 3.5-26.4 0.4-2.3 9,002-12,620 12,610-16,720 High volatile
samples) A, B,and C
Bituminous

Coals sampled from core CT-1-91 (map no. 5, figure A on plate 1)

Christensen| 8.5-15.5 34.5-41.1 34.8-4.6 3.7-1Y.6 0.42.2 9717-11721 11,110-12,590 Subbituminous
(23 samples A to High
volatile C
Bituminous

Coals sampled from core DH-1 (150 ft northeast of map no. 151, figure A on plate 1)

Henderson 9.4-18.9 32.4-38.2 26.4-35.6 8.4-29.9 NR 9,740-10,800 11,010-1{,350 Subbituminous
(5 samples) A

Additional coal resources underlie thd notimpossible. However, coal tonnage estimates have
Kaiparowits Plateau’s eastern and southern flanlksen made previously for many of the 7.5' quadrangles
where the coal-bearing interval is partially erodethat contain the eroded areas, and these estimates are
The eroded areas are shown in gray stipple in figusported in appendix 3.

11. Coal resources were not calculated in these ar- The original resource is reported in identified and
eas because the resources would have to be déigpothetical reliability categories that are based on
mined from individual beds based on their outcrdpe distance that the resource is calculated from a
geometry and thicknesses. Unfortunately, most codkta point. Identified resources are located within a
in these areas are mapped in zones rather than iRdmile radius of a data point and hypothetical re-
vidual beds, and recorded coal thickness cannotdmirces are located beyond a 3-mile radius from a
applied to specific coal beds. In addition, the zones diaga point (Wood and others, 1983). Although con-
commonly burned and covered by slope wash over lafgkence levels have not been established for these
outcrop areas, making resource determinations diffictdliability categories, they reflect decreased levels of

25 U.S. Geological Survey Open-File Report 96-539



Table 5. Coal quality summary for samples collected from mines and outcrops within the Calico
and A-sequences in the Kaiparowits Plateau, Utah. Arithmetic means are reported for moisture,
volatile matter, fixed carbon, ash, sulfur, and heating value and are based on proximate and ultimate
analyses from about 100 samples reported in Doelling and Graham (1972, p. 123-127). Moist- and
mineral-matter-free heating values and apparent ranks are determined from these average values.
Apparent rank calculated using the Parr formula (American Society for Testing and Materials, 1995).

Coals collected from mines

Volatile Fixed Heating Moist-, Mineral-Matter-
Coal zone Moisture Matter | Carbon | Ash | Sulfur value Free Heating Value Apparent Rank
% % % % % Btu/lb Btu/lb
Alvey 16.4 38.4 38.0 7.3 0.6 9,350 10,150 Subbituminous B
Rees 5.0 41.4 48.7 5.0 0.7 11,600 12,270 High volatile C
Bituminous
Christense 6.7 39.2 44.2 7.3 2.1 11,60 12,640 High volatile C
Bituminous
Henderson 18.7 39.1 36.5 8.6 1.0 9,260 10,210 Subbituminous B
Coals collected from outcrops
Volatile Fixed Heating Moist-, Mineral-Matter-
Coal zone Moisture Matter | Carbon | Ash | Sulfur value Free Heating Value Apparent Rank
% % % % % Btu/lb Btu/lb
Alvey 11.3 40.2 41.7 6.6 0.9 10,310 11,110 Subbituminous A
Rees 10.3 41.0 39.3 9.2 1.1 9,250 10,280 Subbituminous B
Christenser 10.9 38.8 43.1 7.2 0.9 10,390 11,280 Subbituminous A
Henderson 20.5 36.1 371 8.3 0.9 9,000 9,890 Subbituminous B

accuracy for calculated resources based on their disfigure 14. County locations are shown in figure 1;
tance from a data point. Approximately 47.2 billiotownship and 7.5' quadrangle locations are shown in
short tons of coal (76 percent of the original resourdg)ure 2. Of the 62.3 billion short tons of coal reported
is calculated for areas located less than 3 miles fréon the original resource, approximately 57.2 billion
a data point and is therefore considered to be an idehort tons (92 percent) are Federally owned; of the re-
tified resource (table 6). About 15.1 billion shoriaining 5.1 billion short tons, 4.7 billion tons underlie
tons of coal (24 percent of the original resource) @eas where the surface is owned by the State, and 0.3
calculated for areas that are located more than 3 mfdon tons underlie areas where the surface ownership
from a data point and are considered to be a hyp®private. Approximately 27.7 billion short tons of coal
thetical resource (table 6). Identified and hypothe@® within Garfield County and 34.6 billion tons are
cal resource areas are shown in figure 13 and ¥fighin Kane County (table 6). Coal resources within
based on the distribution of 209 coal data points; tR8Ch 7.5 quadrangle and township are reported in ap-
hypothetical resources areas generally reflect wh&@dix 2. Coal resources reported within these more
coal measurements are lacking because coals aré&stricted areas are useful because they can be com-
ther thin or deeply buried. pare_d to resource estimates made in the previous inves-
Coal resources were reported for areas in t@ations cited in figure 2.
Kaiparowits Plateau where coal is owned by the Fe@'eologic restrictions to coal availability
eral Government, as well as for areas that underlie Kane

and Garfield Counties and for each 7.5' quadrangle and In order to better quantify the original coal resource
township. Areas of Federal coal ownership are showfthe Calico and A-sequences, varioyseass of coal
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Table 6. Coal resources (in millions of short tons) in the Calico and A-sequences in the Kaiparowits
Plateau, Utah. Resource reliability categories are defined in Wood and others (1983). Areas having
identified resources are within a 3-mile radius of a data point and areas having hypothetical resources
are beyond a 3-mile radius from a data point. Resources represent all areas of the plateau where
the entire coal-bearing section is preserved (fig. 12) and are calculated using an average density of
1800 short tons per acre-foot for all coal beds thicker than 1 foot. Resources are reported in
overburden and reliability categories for each county.

ESTIMATED COAL RESOURCES (in millions of short tons)
County Reliability Overburden (thickness in feet) Total
0-1,000 | 1,000-2,000, 2,000-3,000 3,000-6,000 > 6,00D

Garfield| Identified 2,780.2 6,629.7 3,143.8 4,381.6 76.2 17,011.5
Hypothetical 61.2 364.3 1,320.4 7,296.9 1,659.1 10,701.9
Subtotal 2,841.4 6,994.0 4,464.2 11,678.5 1,735.3 27,7134

Kane Identified 13,227.0 9,219.5 7,672.7 77.3 0 30,196.5
Hypothetical 304.5 150.7 3,326.7 618.7 0 4,400.6
Subtotal 13,531.5 9,370.2 10,999.4 696.( 0 34,597.1
Total 16,372.9 16,364.2 15,463.6 12,374.5 1,735.3 62,310.5

distribution were investigated, including overburdeof coal are under less than 3,000 feet of overburden,
coal bed thickness, and dip of strata. and 14.1 billion short tons of coal are under more
than 3,000 feet of overburden.

In order to check the accuracy of the overburden

Maximum overburden overlying coal in théna@P shown in figure 15, it was compared to an over-

Calico and A-sequences has been delineated utifrden map constructed for the Christensen coal zone
ing the topography of the Calico sequence bounddy Hansen (1978b). The two maps generally com-
(fig. 10) and surface elevations imported from B2re favorably in most areas of the Kaiparowits Pla-
1:250,000 Digital Elevation Model constructed by—:‘au; mlnqrdlscrepgnmes are attributed to gene_ralltles
the U.S. Geological Survey. Maximum overburddfl the Digital Elevation Model and the use of differ-
lines are shown on the resultant map, figure 15,%&'[ horizions. However, overburden differences of
1,000, 2,000, 3,000, and 6,000 foot intervals. TRE much as 500 feet are found in the northeastern
maximum overburden map indicates that coals in tRg"t Of the plateau in the Griffin Point quadrangle
Calico and A-sequences are less than 2,000 feet dg@F 2) where overburden is affected by the Jake
in all areas of the Kaiparowits Plateau except for thi2llow graben (fig. 9). Additionally, our overburden

central basin, where maximum overburden rangédues are as much as 1,000 feet too thick in the ex-

from 2,000 to 8,500 feet. Estimated coal resourcé&me northeastern part of the plateau (central part of

are calculated in overburden categories of 0-1,000¢ Posy Lake quadrangle, fig. 2), where thick succes-
1,000-2,000, 2,000-3,000, 3,000-6,000, and greaté"S of shoreface strata are located between the lower-
than 6,000 feet by integrating the overburden mHH)St beds of coal and the Calico sequence boundary.

(fig. 15) with the net coal isopach map (fig. 11). Cogh, 4/ ped thickness

resources in each category are reported in table 6.

About 32.7 billion short tons of coal are under less The Calico and A-sequences contain as many
than 2,000 feet of overburden, 48.2 billion short toras 30 beds of coal that range from 1 to 59 feet in

Overburden
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Figure 15. -- Overburden on the Calico sequence boundary. Thickness categories show range of maximum overburden

above coal in the Calico and A-sequences.
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thickness. In order to better understand the distriblable 7. Estimated coal tonnages (in billions of
tion of these coal beds, we have constructed a sefie@t tons) in beds ranging from 1-2.4, 2.5-3.4,
of isopach maps that show net coal in bed thicknes8-7-4, 7.5-14.0, 14.1-20.0, and greater than 20.0
categories of 1.0-2.4, 2.5-3.4, 3.5-7.4,7.5-14.0, 14/g€t in thickness within the Calico and A-
20.0, and greater than 20.0 feet (figsAZHA), re- _Sl_e_quences’ Kaiparowits Plateau, Utah.
spectively. The number of coal beds within eadH ckness categories used here are standard for

. . L estimating resources of bituminous coal (Wood
thickness category is shown in figureB1%1B, re- ana others, 1983). Tonnage estimates are

sp_ectively. Each_ isopgch map h_as been CONSHUCEER jated using an average density of 1800 short
using coal data listed in appendix 1. The estimatggls per acre-foot for coal and represent all areas

coal resource in each thickness category is listedginthe plateau where the entire coal-bearing
table 7. However, the sum of coal tonnages frogaction is preserved.

each individual thickness category in table 7 is only

55 billion tons, about 12 percent less than the 62 IfiRal bed thickness in feet ~ Estimated tonnage
lion short tons reported in table 6 for the original (in billions of short tons)
coal resource. This discrepancy appears because the 1-24 7

area mapped for each coal thickness category IS ;534 4

slightly underestimated, because an artificial value -of

N o : . . 3.5-7.4 15

zero” was assigned to data points that lack coal within

the specified bed thickness category. The discrepancy 7.5-14.0 13

is relatively minor, and the isopach maps and re- 141200 8

ported tonnages in each category provide a rea- 200 5

sonable estimation of coal distribution by bed thickness
Coal beds less than 3.4 feet thick are widely dis-

tributed across the entire resource area. As man AR

22 coal beds range from 1 to 2.5 feet in thicknegs

and have a maximum net accumulation of 30 fe :
55 well as several areas that are 2-17 miles long and

(fig. 15A, B). As many as nine coal beds range from, o ,
2.5 to 3.4 feet in thickness, and the maximum n@tg miles wide in the central regions of the plateau

L . : : ig. 21A). As many as three beds of coal are greater
accumulatl'on in this category is 27 feet (f'gA.l7 than 20.0 feet thick, and as much as 59 feet of coal is
B). Approximately 11 billion short toref coal are in

beds that range from 1 to 3.4 feet in thickness (tablegﬁmamed in 1 bed (fig. 21 B). Approximately 16

Coal beds between 3.5 and 4.1 feet in thickneis lion short ton_s of poal are in beds that range from
o . .1to 59 feet in thickness (table 7). However, cur-
are also distributed widely throughout the plateau

but they occupy a slightly smaller area than do cod snt longwall mining technology can economically

in the thinner categories. As many as nine bedse&(ftrac.t No more than 14 feet of coal from beds O.f
coal range from 3.5 to 7.4 feet in thickness, and the%r%' thickness (Timothy J. Rohrbacher, U.S. Geologi-
beds have a maximum net accumulation of 65 fet Surve_y,_ oral commun., 1996). Therefore, on_Iy
(fig. 18A, B). As many as seven beds of coal are 7glout’s billion short tons of coal are actually avail-
14.1 feet thick, and these beds have a maximum ﬁgle for mining from these thicker beds. Th.|s .5 bil-
accumulation of 66 feet (fig. 20B). Approximately ion ton figure does not account for any restriction to

28 billion short tons of coal are in beds that ran@gining other than bed thickness and is determined

from 3.5 to 14.1 feet in thickness (table 7). y treating _egch mapped bed shqwn in figurei 20
Coal beds greater than 14.1 feet thick occupy ﬁﬂd 2Bas ifitwas only 14 feet thick.

elongated area situated in the central region of the

Kaiparowits Plateau (figs. 2021B). The elongated

area is about 20 miles wide in the northern part of

the plateau and narrows to about 10 miles wide in

the plateau’s southern areas. As many as four coal

beds range from 14.1 to 20.0 feet in thickness and

have a maximum net accumulation of 71 feet (fig.

, B). Coal beds greater than 20.0 feet thick oc-
py an area along the northern part of the plateau
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Figure 16A. -- Distribution of 1.0-2.4 foot thick coal beds in the Calico and A-sequences. Isopach map showing net coal in
beds 1.0-2.4 feet thick.
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Figure 16B. -- Distribution of 1.0-2.4 foot thick coal beds in the Calico and A-sequences. Isopleth map showing the number
of coal beds that are 1.0-2.4 feet thick.
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Figure 17A. -- Distribution of 2.5-3.4 foot thick coal beds in the Calico and A-sequences. Isopach map showing net coal
in beds 2.5-3.4 feet thick.
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Figure 17B. -- Distribution of 2.5-3.4 foot thick coal beds in the Calico and A-sequences. Isopleth map showing the number
of coal beds that are 2.5-3.4 feet thick.
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Figure 18A. -- Distribution of 3.5-7.4 foot thick coal beds in the Calico and A-sequences. Isopach map showing net coal in
beds 3.5-7.4 feet thick.
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Figure 18B. -- Distribution of 3.5-7.4 foot thick coal beds in the Calico and A-sequences. Isopleth map showing the number

of coal beds that are 3.5-7.4 feet thick.
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Figure 19A. -- Distribution of 7.5-14.0 foot thick coal beds in the Calico and A-sequences. Isopach map showing net coal
in beds 7.5-14.0 feet thick.
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Figure 19B. -- Distribution of 7.5-14.0 foot thick coal beds in the Calico and A-sequences. Isopleth map showing the
number of coal beds that are 7.5-14.0 feet thick.
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Figure 20A. -- Distribution of 14.1-20.0 foot thick coal beds in the Calico and A-sequences. Isopach map showing net
coal in beds 14.1-20.0 feet thick.
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Figure 20B. -- Distribution of 14.1-20.0 foot thick coal beds in the Calico and A-sequences. Isopleth map showing the
number of coal beds that are 14.1-20.0 feet thick.
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Figure 21A. -- Distribution of coal beds that are greater than 20.0 feet thick in the Calico and A-sequences. Isopach map
showing net coal in beds that are greater than 20.0 feet thick.
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Figure 21B. -- Distribution of coal beds that are greater than 20.0 feet thick in the Calico and A-sequences. Isopleth map

showing the number of coal beds that are greater than 20.0 feet thick.
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Dip of strata At least 32 billion short tons of coal are not likely

_ to be mined in the foreseeable future because of geo-
Based on studies conducted by the former Uiggic and technological restrictions that included

Bureau of Mines between 1985 and 1993, undeferhurden, dip of strata, and coal bed thickness.
ground mining is most efficient in areas where stragyysical and economic constraints generally limit
are inclined by less tharf:gunderground mining is ¢rrent longwall and continuous mining to depths of
difficult where strata are inclined betweersid 12 o5 than 3,000 feet, to strata that are inclined by less
and it is not feasible where strata are inclined mq§g,, 12 and to coal beds that are more than 3 feet
than 12 (Timothy J. Rohrbacher, U.S. Geologicahick: additionally, only 14 feet of coal can be mined
Survey, oral_ commun., 1996). Inclinations of strata,m peds of any thickness (Timothy J. Rohrbacher,
are shown in figure 9 for ranges of ® &, 6" 0 5 Geological Survey, oral commun., 1996). These
12°,12°t0 25, and greater than 25Coal resources oyerpurden and bed thickness limits are supported
within each category of inclination are calculated a summary given for 81 current longwalls oper-
integrating the dip-of-strata map (fig. 9) with the nefiej in the United States by 30 companies (Merritt
coal isopach map (fig. 11). Approximately 49.8 bilz,q Fiscor, 1995, p. 32-38). Approximately 18 bil-
lion short tons of coal are contained in strata that &, short tons of coal are not likely to be mined be-
inclined by less than5.6 billion short tons are in 5 ;se they are in areas where overburden is greater
strata that dip betweerf @nd 12, and 6.9 billion han 3 000 feet or where strata are inclined by more
short tons of coal are in strata that dip more thgfy, 15 Coal tonnages in these areas are calcu-
12°. These tonnages comprise 80, 9, and 11 percgty by integrating the dip of strata, net coal iso-

of the original resource, respectively. pach, and overburden maps (figs. 9, 11, 15,
respectively). An estimated additional 14 billion
COAL RESOURCE SUMMARY short tons of coal are not likely to be mined from the

remaining areas of the Kaiparowits Plateau because

Although the Calico and A-sequences contain éimey are in beds that are less than 3.4 feet thick (11
original coal resource of 62.3 billion short tons, thisillion tons) or cannot be extracted from beds that
large resource figure must be regarded with cauti@re more than 14 feet thick (3 billion tons). These
because it does not reflect economic, land-use, erceal tonnages are determined by integrating the over-
ronmental, technological, and geologic restrictiorimirden and dip-of-strata maps with resources deter-
that may affect its availability and recoverabilitymined from coal isopach maps (figs AL&7A) and
Peterson (1969a) estimated that only 10 percentbafd maps (figs. Z) 21B).
the coal in the Kaiparowits Plateau could be recov- Approximately 30 billion short tons of coal are
ered with the technology of that time. Similar estin areas of the Kaiparowits Plateau where geologic
mates for the Appalachian coal region (Rohrbachewnditions are more favorable for current under-
and others, 1994) also indicate that less than 10 mmeund mining technology (fig. 22). These beds of
cent of an original coal resource can be mined aodal are in areas where overburden is less than 3,000
marketed at a profit. feet thick and strata dip less tharf 1Zhe coal ton-

Land-use and environmental considerationsge is estimated for all beds of coal that are more
that may affect the economics or availability othan 3.5 feet thick, and coal tonnages in beds that
coal in the Kaiparowits Plateau include the impaate thicker than 14 feet thick are calculated as if they
of mining and coal utilization on air and wateare only 14 feet thick. These coal tonnages do not
quality in nearby National Parks and Recreationadflect potential land-use or environmental restric-
Areas, regional populations, grazing, and land suliens, nor do they account for additional coal that
sidence above mined areas (Sargent, 1984). Theagnot be mined due to the discontinuity of coal beds,
issues may be significant; in 1976, several cordeal that may be destroyed by the mining of adja-

panies dropped their plans to construct a coal-bugent strata, or coal that must be left in the ground for
ing power plant in the region due to Governmeggof support.

actions and pending lawsuits over environmental
issues (U.S. Bureau of Land Management, 1976;
Sargent, 1984).
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Figure 22. -- Map of the Kaiparowits Plateau showing areas (dark gray stipple) where coal beds are: 1) greater than 3.5 feet

thick, 2) under less than 3,000 feet of overburden, and 3) inclined by less than 12° of dip. Areas where coal-bearing strata
are partially eroded (light gray stipple) are not addressed in this investigation.
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